occupational hygienists determine that a labor is not qualified for work due to job-related disability, he/she must receive particular medical care, alter jobs, or take shorter work hours and other proper dispositions. Article 2 of the Labor Safety and Health Law Enforcement Rules of Taiwan defined noise over 85 dB(A) as "extraordinary hazard to health". Surveillance of NIHL is essential to its prevention for the reason that it can identify the less noticed industries, occupations, and working activities in time 13, 16) . Meanwhile, it would contribute to evaluating the effectiveness of interventions to this common occupational disorder. A noise-induced hearing loss surveillance system with periodic annual audiometric examinations for workers who exposed to noise >85 dB(A) was also established in Taiwan in 1995 4) . In future, more and more studies reporting hearing disorders caused by workrelated noise in a wide range of industries could be expected 2, 3) .
In the current study, we conducted a project with comprehensive assessments of occupational hazards focusing on standardized hearing and environment noise measurements in a liquefied petroleum gas (LPG -propane, butane, or their mixture) cylinder infusion factory, which is usually under-appreciated for noise exposures because of its open-space settings, in Taipei City, Taiwan, an emerging industrial country in Asia-Pacific area. The prevalence and further analyses for estimating associated risk factors of NIHL among workers was addressed with a cross-sectional study design 17) .
Subjects and Methods

General feature of this industry and settings
At headstream of processing liquefied petroleum gas (LPG) for storage, transportation, and distribution, LPG is infused into cylinders by workers manually. LPG workers' tasks include moving, checking appearance of rustiness, inspecting certificates for the validity period, painting, weighting, and infusing gas for recycled cylinders. During the processes, high-level impulsive sounds from the collisions between cylinders or cylinders to the ground are unavoidable. At the moment of connecting tube removal, when infusion is completed, a blast with sudden noise is also obvious.
The company utilized for current research is one of the biggest LPG infusion factories in Taipei City, Taiwan, established in 1987, and employs 80 staff at present. Interviews by a questionnaire, measurements on environment noise levels for areas and hearing thresholds on subjects were achieved during Aug 1, 2006 to Feb 28, 2007 . All the field workers who exposed to noise in workplace (in-field group) were males. Thus, we exclude females in our research for confounding control on gender. A group of controls in administration departments was also recruited for comparison (administration group). All the subjects had been employed full-time for at least 2 yr when involved in the research. Current study was approved by the Institute of Occupational Safety and Health, Council of Labor Affairs, Taiwan, before conducting it.
Data collection
A structured questionnaire was developed by the expert-review method and applied to all the subjects with face-to-face interviews. Its content included demographics (name, national ID number, age, and education level), employment history (length of employment, work arrangement, and tasks), self-report heath concerns (noise disturbance, physical/mental symptoms, other discomforts, and ergonomic problems), drinking/smoking habit, and occurrence of occupational accidents or illness. The interviewers were trained with standard processes to unify various responses. Validity and reliability of the questionnaire had been properly verified.
Environment noise evaluations
Levels of environmental noise on site were determined with a sound pressure level meter (LD-824, PCB Piezotronics, Inc., New York, USA) in cylinder-processing field and offices respectively, based on the Taiwan Council of Labor requirements 18) . Grids were drawn on a map of this factory, surrounding the source of noise with the distance of three meters apart. Consequently, there were 24 crossings identified on the map for environment noise measurements, which were done at the height of 150 cm to generate a noise map. In administration area, noise was measured at the height of ears, when the staffs were sitting, at the site of each staff's desk.
Eight-hour time-weighted averages of noise levels were thus calculated for each crossing or site. Electroacoustic calibration was performed before data collection every time.
Audiometry measurements
A soundproof booth built by the Institute of Occupational Safety and Health, the Council of Labor, Taiwan (TW IOSH), was assembled at a quiet area with minimized background noise level less than 45 dB(A) in the conference room of this factory. A well-trained technician who was unaware of the subjects' exposure levels evaluated the audiograms for each subject, 90 min before he started to work as the regulations. All participants received pure-tone audiometry tests with an audiometer (Danplex AS42, Danplex A/S, Taastrup, Denmark). Following Taiwan IOSH requirements in 1999 18) , the process started at the right ear, ascending from 1, 2, 3, 4, 6 to 8 kHz, and then descending to 1 and 0.5 kHz. Each frequency began with 40 dBHL. If a positive response was given by the subject, another sound weaker by 10 dBHL would be provided for the next, till the sound could not be heard. Then, a backward increase of intensity by 5 dBHL was given to identify the closest threshold for the specific frequency. If the subject can not even hear 40 dBHL for a specific frequency at the very start, similar reverse processes were performed (10 dBHL for each increase and 5 dBHL for each decrease). Left ear was then examined consecutively, when the right one was done. Frequency spectrum calibration in decibel hearing level fulfilled the International Organization for Standardization (ISO) 8253-1 criteria for audiometric testing environment 19) adapted to the American National Standards Institute (ANSI) S 3.6-1968 requirement 20) . Daily calibration was conducted before subjects were tested.
Statistical analyses
Statistical analyses were done based on the cross-sectional study design. Basic comparisons on environment noise levels and hearing thresholds of different frequencies for the in-field and the administration groups were first done. Similar comparisons for the hearing threshold differences to published age-corrected norms by subtracting the standard values among Taiwanese male workers of each frequency at the subject's age from the measured ones on the worse ear were also performed 21) . Existence of hearing loss > 25 dBHL before age-correction for the average of 500 Hz, 1 kHz, and 2 kHz was determined with the worse ear of a subject. However, if someone's difference between his ears was more than 25 dB, he would not be qualified as an NIHL case.
Independent t-tests were used to compare the environmental noise, hearing thresholds on the worse ear, and hearing threshold differences to age-corrected norms for the two groups. For estimating the effect of subjects' demographic characteristics, length of employment, personal habits, and obesity to hearing impairment, primary explorations for the relative risks (odds ratio: OR) were performed by univariate logistic regressions with numbers for all the categories shown. Afterwards, the exposure status of workplace (in-field and administration) was taken as the major interest of exposure, and potential confounders were controlled with the consideration of collinearity by multivariate analyses. SPSS 13.0 for Windows (SPSS Inc., Chicago, Illinois, USA) was utilized to perform all the statistical analyses and the significance level (α value) was set as 0.05.
Results
A total of 75 male workers with a mean age of 42.4 yr old (Standard Deviation: SD=7.9), average BMI at 22.6 kg/m 2 (SD=1.9), and 10.0 yr (SD=7.4) for employment duration were involved in this study. Most of them had 6 yr or more of education (88.0%), more than half of them do not drink (54.7%), and 58.7% of them were current smokers. Table 1 showed the baseline comparisons of characteristics between groups of workers in field and administration departments. They were very different from each other, in terms of age and other demographic factors. Thus, age-correction is necessary to compare their mean hearing thresholds. As to military services, no one devoted himself in military as profession, as almost all of them served in the military for two years as an obligation for Taiwanese citizenship. All the occupational noise exposures for the in-field group were apparently higher than those the administration group exposed to. During the 8 h for measurements, the equivalent sound level (Leq) for in-field group was as high as 79.1 ± 5.1 dB(A), with a peak sound level (Lpk) of 98.3 ± 5.2 dB(A). Nonetheless, Leq was 55.4 ± 4.4 dB(A), and Lpk was 85.7 ± 7.4 dB(A) for the administration group (p values for independent t-tests were all < 0.01) ( Table 2) . Noise levels at different central frequencies were also significantly different, except 31.5 and 63 Hz (Fig. 1) . The accumulative exposure of noise was 84.1 ± 4.9 dB(A) for in-field group. None of the workers in the in-field group wore noise-proof equipment during work hours. Besides, for comparing hearing thresholds on the worse ear between these two groups by frequency, results were shown in Table 3 . Background noise was controlled at less than 42.8 dB(A) for all the frequencies in the measurements, which obeyed the regulations made by US OSHA and Department of Health, Executive Yuan, Taiwan. Similarly, the hearing threshold for each frequency was significant between groups (p values<0.01), especially for the frequencies at 4 k, 6 k, and 8 kHz.
NOISE-INDUCED HEARING LOSS FOR LPG LABORS IN TAIWAN
Meanwhile, Table 4 presented the comparisons for the differences to age-corrected norms by frequency. Again, among the in-field group, their average hearing thresholds differing from published age-corrected norms of Taiwanese male workers on the worse ear at frequencies of 4 k, 6 k, and 8 kHz were more than 30 dBHL, after the adjustment of aging. Independent t-tests for comparisons to administration group also showed significance for all the frequencies (p values<0.01), and the highest value was found at 8 kHz for 35.6 ± 20.5 dBHL.
Among the ones in field of this LPG cylinder infusion factory, 56.8% of them met the criteria of NIHL. As to the relative risks (odds ratio: OR) of NIHL on field noise exposure, demographics, years of employment, habits of drinking/smoking/chewing betel nut, physical activity, drinking tea/coffee and obesity to the existence of hearing impairment, the univariate analysis by logistic regressions revealed that workers with exposure status of field noise and frequent smokers had significantly elevated risk of NIHL (ORs=48.56, 95%CI: 6.01, 392.64, and 6.67, 95%CI: 2.03, 21.93, respectively; Table 5 ). Specifically, occasional physical activity showed significant preventive Nonetheless, significance for the effect from age, which has been well described as a risk factor of hearing loss, was just at borderline (OR=1.06, 95%CI: 0.99, 1.13, p value=0.08). After controlling confounders, significant findings were found for field noise exposure (OR=99.57, 95%CI: 3.53, 2,808.74) and frequent tea or coffee consumption (OR=0.03, 95%CI: 0.01, 0.51; Table 6 ).
Discussion
The current study successfully identified a specific occupational group with noise exposures in open space for LPG infusion industry, which has never been reported in the in-field of occupational hygiene 2) . Environmental noise measurements presented that the occupational noise exposures for field workers were relatively higher for all the noise indicators. The working environment in this specific industry was different from others with fixed machinery at work place. In-field workers moved around in open space without particular tasks. They also took turns for rest for about 15 min equally. All of them worked fulltime (8 h a day, 5 d a week), during which noise sustained. Consequently, there was no remarkable difference for exposure levels or cumulative exposures of noise among the in-field workers. Considerably elevated hearing thresholds were found at the frequencies of 4 k, 6 k, and 8 k Hz among the in-field group. The pattern of hearing loss on frequencies specific to this industry was fairly different from those of workers in other industries, especially at 4,000 and 6,000 HZ 6, 8, 10) , but similar to those of American construction and trade workers in nuclear weapon industry 11) . Even with adjustment of aging by age-corrected norms 21) , theses frequencies (4 k, 6 k, and 8 kHz) were still the most sensitive ones to noise exposures in field. Corresponding to the characteristics of noise in workplace, hearing loss was mostly identified at 4,000 and 6,000 Hz in other industries 6, 8, 10) . Meanwhile, mid to high frequencies (i.e., 4,000 to 8,000 Hz) were found the major ones for which the labors' hearing ability lost the most in this industry. Our results for audiometric data collected by standard equipments and protocols revealed the prevalence of NIHL as high as 56.8%, which was much higher than that for the workers in all various industrial sectors assessed by US National Health Interview Survey aged from 18 to 65 yr old 3) , other single industries 1, 6, 7, 9, 10) , and general populations 13, 16) , but similar to American labors in nuclear weapons facilities (59.7%) 11) . None of the workers in field of current factory adopted noise-proof devices regularly at work. Compared to the administration group, around one hundred times of risk for NIHL was found among these in-field workers after confounding adjustment.
Former jobs of major noise exposures were compared between in-field and administration groups by statistics. No significant difference was found. Thus, study subjects in these two groups should be similar in terms of noise exposure in former jobs. We also explored risk factors for hearing loss other than occupational noise exposure. It is of interest that the habit of frequent tea or coffee consumption was found to eliminate 97% risk of the existence of hearing loss in multivariate analyses. However, no evidence about its molecular mechanism or clinical observation was reported in medical literature 2) . Further investigations on this issue are in need. Meanwhile, smoking habit has been characterized as an independent risk factor of hearing loss 3, 11, 13, 22) , and does-response relation was found 7) . In current study, although not significant, the adjusted relative risk of NIHL for frequent smokers comparing to non-smokers was more than three folds, which should be noticeable. Because of the nature of explosive gas involved in this industry, smoking was rigidly prohibited in the whole processes of LPG infusion in factory. Thus, it was relatively difficult to assess the self-reported information about smoking habits by questionnaires in our study.
The particular strengths of our study included high response rate (100% of compliance to our survey), envi- ronment noise assessment by field measurements, and personal audiometric examinations with standard protocol and apparatus, rather than self-report hearing impairment 3, 6, 13, 16) , which made our study results comparable to related researches in different industries all over the world. However, our research results could only be applicable to males, not for females, because of the restriction of dominant gender among these field workers in this industry. In methodology, other than the limitation of small study population and cross-sectional study design, we were only allowed to access to one factory, instead of applying this project with a multi-center approach, and, also, in lack of blood samples for genetic factors, which had been implied by a study revealing race/ethnicity differences on NIHL prevalence 12) . Further exploration to genetic factors would be the next step for investigations in future, as what also suggested by Kurmis and Apps 2) . It is also possible that there are unidentified organic solvent exposures and fuel compounds coexisting with noise in this industry, which could accelerate the progress of NIHL, reported by previous studies [23] [24] [25] [26] [27] . Although LPG cylinder infusion labors are not currently covered by the Article 2 of the Labor Safety and Health Law Enforcement Rules of Taiwan as the ones who exposed to "extraordinary hazard to health" for noise over 85 dB(A) 15) , workers employed in this industry should have annual health examinations for their specific potential disorders. Moreover, the established surveillance system for NIHL since 1995 in Taiwan should also extend its coverage to the work activities in this industry 4) .
Noise-induced hearing loss is a noteworthy yet often neglected occupational illness that could affect not only individual safety but also work performance for labors. Our study provided a well-structured template to present an appropriate way addressing the normal occupational sickness, NIHL, in a specific industry in Taiwan. This issue is more about industrial hygiene management, facilitation of the awareness on it and labor education, rather than just a matter of specific disorders in a small group of employees in limited industries. Burden of NIHL leads to multiple major consequences at both the individual and the societal levels, with which lack of prevention is the major contributor. Comprehensive hearing loss prevention programs which could integrate the components of noise assessments, identification for vulnerable groups, noise controls, audiometric monitoring, appropriate use of hearing protectors, worker education, data recording, and project evaluation are needed for the total management in future.
